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(57) ABSTRACT 
A system and associated method for protecting during a 
shutdown a turbine having a turbine shaft and a compressor 
driven by the turbine shaft. The system include a ?rst 
lubrication system, a second lubrication system, and a 
control system. The ?rst lubrication system is con?gured to 
provide lubrication to the compressor. The second lubrica 
tion system is con?gured to provide lubrication to the 
turbine. The control system monitors the rotation of the 
turbine shaft in response to a shutdown request and causes 
the ?rst and second lubrication systems to provide lubrica 
tion to the turbine and compressor until and after the turbine 
shaft stops rotating. The control system causes the ?rst 
lubrication system to provide lubrication for a ?rst prede 
termined period of time after the turbine shaft stops rotating. 
The control system causes the second lubrication system 
provides lubrication for a second predetermined period of 
time after the turbine shaft stops rotating. If the turbine shaft 
starts to rotate any time after it has stopped, the control 
system causes the ?rst and second lubrication systems to 
provide lubrication to the turbine and compressor until and 
after the turbine shaft stops rotating again. 
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SYSTEM AND METHOD FOR PROTECTING 
TURBINE AND COMPRESSOR DURING 

SHUTDOWN 

BACKGROUND OF THE INVENTION 

[0001] This invention generally relates to systems and 
methods for shutting doWn turbines and compressors. More 
particularly, the present invention relates to a system and 
method for shutting doWn a turbine and an associated 
compressor and for protecting the turbine and compressor 
through selective lubrication. 

[0002] Turbines and compressors typically include rotat 
ing shafts supported by bearings. These rotating shafts and 
bearings generate friction heat that needs to be removed to 
maintain their physical integrity. Lubrication, generally oil, 
is supplied betWeen the rotating shafts and bearings to 
remove the friction heat. Lubrication should continue during 
all operating phases to avoid shaft or bearing failures that 
lead to an unscheduled doWntime. 

[0003] The need for lubrication continues even after 
motive poWers are removed from turbines and compressors 
in response to a shutdoWn request. Instead of stopping 
instantaneously, a rotating shaft gradually sloWs to a stop 
after a motive poWer is removed. For example, a rotating 
shaft in a steam-driven turbine continues to rotate for a 
period of time after the steam supply to the turbine stops. 
Likewise, a rotating shaft in an electric-motor-driven com 
pressor continues to rotate for a period of time after the 
electric poWer is removed. Thus, turbines and compressors 
need lubrication until their rotating shafts sloW to a stop in 
response to a shutdoWn request. 

[0004] One conventional approach to meet this need is 
maintaining lubrication for a ?xed period of time after a 
shutdoWn request. In this conventional approach, one esti 
mates the time for a rotating shaft to stop and then sets the 
?xed period of time based on the estimated time. This 
approach, hoWever, does not ensure that a rotating shaft 
receives lubrication While it is rotating. In other Words, 
lubrication to a rotating shaft ceases at the end of a ?xed 
period of time regardless of the actual time for the rotating 
shaft to stop. Therefore, a rotating shaft and its correspond 
ing bearing may be physically damaged if, for any reason, it 
rotates after the ?xed period of time. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, an object of the present invention is 
directed to an improved system and method for protecting 
during a shutdoWn a turbine and a compressor driven by a 
turbine shaft, particularly a turbine and associated compres 
sor used in a refrigeration, air-conditioning, or heat pump 
system. The advantages and purposes of the invention Will 
be set forth in part in the description Which folloWs, and in 
part Will be obvious from the description, or may be learned 
by practice of the invention. The advantages and purposes of 
the invention Will be realiZed and attained by the elements 
and combinations particularly pointed out in the appended 
claims. 

[0006] To attain the advantages and in accordance With the 
purposes of the invention, as embodied and broadly 
described herein, the invention is directed to a system for 
protecting during a shutdoWn a turbine having a turbine 
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shaft and a compressor driven by the turbine shaft. The 
system includes a ?rst lubrication system, a second lubri 
cation system, and a control system. The ?rst lubrication 
system is con?gured to provide lubrication to the compres 
sor. The second lubrication system is con?gured to provide 
lubrication to the turbine. The control system monitors the 
rotation of the turbine shaft in response to a shutdoWn 
request and causes the ?rst and second lubrication systems 
to provide lubrication to the turbine and compressor until 
and after the turbine shaft stops rotating. 

[0007] In another aspect, the invention is directed to a 
method for protecting during a shutdoWn a turbine having a 
turbine shaft and a compressor driven by the turbine shaft. 
The method includes the steps of: (a) initiating the shutdoWn 
of the turbine and compressor; (b) monitoring the rotation of 
the turbine shaft; (c) providing lubrication to the turbine and 
compressor until the turbine shaft stops rotating; and (d) 
providing lubrication to the turbine and compressor after the 
turbine shaft stops rotating. 

[0008] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
one embodiment of the invention and together With the 
description, serve to explain the principles of the invention. 
In the draWings, 

[0010] FIG. 1 is a schematic diagram of a system for 
protecting a turbine and a turbine-driven compressor in 
accordance With the present invention; 

[0011] FIGS. 2 and 3 are schematic diagrams illustrating 
time lines of shutdoWn sequences in accordance With the 
present invention; and 

[0012] FIGS. 4A through 4D set forth a How chart 
illustrating shutdoWn sequences in accordance With the 
present invention. 

DETAILED DESCRIPTION 

[0013] Reference Will noW be made in detail to the pres 
ently preferred embodiment of the present invention, 
examples of Which are illustrated in the accompanying 
draWings. Wherever possible, the same reference numbers 
Will be used throughout the draWings to refer to the same or 
like parts. An exemplary embodiment of a system of the 
present invention is shoWn in FIG. 1 and designated gen 
erally by reference number 20. 

[0014] In accordance With the present invention, there is 
provided a system for protecting during a shutdoWn a 
turbine having a turbine shaft and a compressor driven by 
the turbine shaft. The system includes a ?rst lubrication 
system, a second lubrication system, and a control system. 
The ?rst lubrication system is con?gured to provide lubri 
cation to the compressor. The second lubrication system is 
con?gured to provide lubrication to the turbine. The control 
system monitors the rotation of the turbine shaft in response 
to a shutdoWn request and causes the ?rst and second 
lubrication systems to provide lubrication to the turbine and 
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compressor until and after the turbine shaft stops rotating. As 
explained in greater detail below, if the turbine shaft starts 
to rotate any time after it has stopped, the control system 
causes the ?rst and second lubrication systems to provide 
lubrication to the turbine and compressor until and after the 
turbine shaft stops rotating again. Preferably, the turbine is 
a steam turbine and the compressor is a centrifugal com 
pressor. HoWever, it is contemplated that the system of the 
present invention may be used in a Wide variety of turbines 
and compressors and is by no means limited to a speci?c 
type of turbine or compressor. 

[0015] As illustrated in FIG. 1, system 20 includes a 
turbine 22 and a compressor 24. Turbine 22 has a turbine 
shaft 26, Which rotates in response to a motive ?uid expand 
ing Within turbine 22. The motive ?uid is provided to turbine 
22 from a turbine inlet line 28. Turbine inlet line 28 includes 
a valve 32 that is movable from an open position to a closed 
position to stop the ?oW of the motive ?uid to turbine 22. 
The motive ?uid expanded through turbine 22 to rotate 
turbine shaft 26 is discharged through a turbine outlet line 
30. Preferably, the motive ?uid is steam but the present 
invention encompasses the use of a gas, or any other type of 
motive ?uid. Depending on the type of motive ?uid used, a 
corresponding type of turbine, either a steam turbine or a gas 
turbine, needs to be used as Well. 

[0016] Compressor 24 is coupled to and driven by turbine 
shaft 26. Preferably, compressor 24 is a centrifugal com 
pressor although the present invention encompasses other 
types of compressors, including reciprocating or scroll-type 
compressors. Compressor 24 receives an operating ?uid 
through a compressor inlet line 34. 

[0017] Compressor inlet line 34 includes pre-rotation 
vanes 36. Pre-rotation vanes 36 are movable from an open 

position to a closed position to substantially stop the ?oW of 
operating ?uid to compressor 24. As is Well knoWn in the art, 
pre-rotation vanes 36 in the closed position, hoWever, do not 
completely stop the ?oW of operating ?uid to compressor 24. 
Pre-rotation vanes 36 may also operate in intermediate 
positions to vary the capacity of compressor 24. Compressor 
24 increases the pressure of the operating ?uid and dis 
charges it to a condenser (not shoWn) through a compressor 
outlet line 38. Compressor 24 may be a component of an 
air-conditioning system, refrigeration system, or heat 
pumps. 

[0018] As shoWn in FIG. 1, system 20 further includes 
lubrication systems providing lubrication to turbine 22 and 
compressor 24. The lubrication systems include a turbine 
lubrication system and a compressor lubrication system. The 
turbine lubrication system provides lubrication to turbine 22 
and includes a turbine lubrication oil pump 40 and an 
auxiliary turbine lubrication oil pump 42. The compressor 
lubrication system provides lubrication to compressor 24 
and includes a compressor lubrication oil pump 44. Turbine 
lubrication oil pump 40 is driven by turbine shaft 26. 
Preferably, turbine lubrication oil pump 40 is internal to 
turbine 22 although the present invention encompasses a 
pump external to turbine 22 as Well. Preferably, auxiliary 
turbine lubrication oil pump 42 and compressor lubrication 
oil pump 44 are electrical pumps. 

[0019] Lines 41 and 43 respectively connect pumps 40 and 
42 to a single reservoir (not shoWn), Which holds a supply 
of oil or other lubricants suitable for turbine 22. Line 45 
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connects compressor lubrication pump 44 to another reser 
voir (not shoWn), Which holds a supply of oil or other 
lubricants suitable for compressor 24. Turbine 22 and com 
pressor 24 return oil or other lubricants to their respective 
reservoirs through respective lines 46 and 48. 

[0020] As shoWn in FIG. 1, system 20 further includes a 
control system that includes a tachometer 50, a micropro 
cessor 52 or a similar electronic control, and a control panel 
54. Tachometer 50 is coupled to turbine shaft 26 to detect its 
rotation. Preferably, tachometer 50 is a digital tachometer 
suitable for a loW RPM detection. The RPM signal from 
tachometer 50 is transmitted through line 56 to micropro 
cessor 52. Microprocessor 52 includes a central processor 
(not shoWn) and memory (not shoWn) and can take a variety 
of forms as is knoWn in the art. Microprocessor 52 also 
receives signals indicating operating positions of valve 32 
and pre-rotation vanes 36 through respective lines 58 and 60. 
Microprocessor 52 may also transmit signals through lines 
58 and 60 to change the operating positions of valve 32 and 
pre-rotation vanes 36. Microprocessor 52 is also connected 
to auxiliary turbine lubrication oil pump 42 and compressor 
lubrication oil pump 44 through respective lines 62 and 64. 
Signals indicating Whether pumps 42 and 44 are on are 
transmitted to microprocessor 52 through lines 62 and 64 as 
Well. Also, microprocessor 52 may transmit signals through 
lines 62 and 64 either to start or to stop pumps 42 and 44. 

[0021] Turbine lubrication oil pump 40 and auxiliary 
turbine lubrication oil pump 42 are connected directly over 
a line 68 via a pressure sWitch 66. Pressure sWitch 66 starts 
auxiliary turbine lubrication oil pump 42 automatically 
When the pressure of turbine lubrication oil pump 40 drops 
beloW a predetermined value. As turbine shaft 26 sloWs 
doWn to a stop in response to a system shutdoWn request, 
turbine lubrication oil pump 40, Which is driven by turbine 
shaft 26, loses its capability to provide oil. Thus, When the 
pressure of turbine lubrication oil pump 40 drops beloW the 
predetermined value, pressure sWitch 66 starts auxiliary 
turbine lubrication oil pump 42 by closing an electric contact 
(not shoWn), and thereby connecting auxiliary turbine lubri 
cation oil pump 42 to its poWer line (not shoWn). Preferably, 
the predetermined value is about 8 p.s.i., although the 
present invention encompasses the use of different prede 
termined values. Different predetermined values may be 
selected depending on the capacity of turbine 22 and turbine 
lubrication oil pump 40. 

[0022] Alternatively, instead of pressure sWitch 66, a 
control signal from microprocessor 52 may automatically 
start auxiliary turbine lubrication oil pump 42 When the 
pressure of turbine lubrication oil pump 40 drops beloW the 
predetermined value. In this alternative con?guration, 
microprocessor 52 receives a signal from a pressure sensor 
(not shoWn) in or associated With turbine lubrication oil 
pump 40. 

[0023] While system 20 is in normal operating conditions, 
turbine lubrication oil pump 40 and compressor lubrication 
oil pump 44 provide oil to turbine 22 and compressor 24, 
respectively. Auxiliary turbine lubrication oil pump 42 is off 
While system 20 is in normal operating conditions. When 
microprocessor 52 receives a system shutdoWn request, 
microprocessor 52 sends a signal over line 60 to close 
pre-rotation vanes 36 to unload compressor 24 from turbine 
shaft 26. After microprocessor 52 recogniZes the closure of 
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pre-rotation vanes 36, it sends a signal over line 58 to close 
valve 32 so that the How of the motive ?uid to turbine 22 
stops. Microprocessor 52 may start to monitor the rotation of 
turbine shaft 26, detected by tachometer 50 through line 56, 
When it receives a shutdoWn request, When pre-rotation 
vanes 36 close, or When valve 32 closes. Alternatively, 
microprocessor 52, through tachometer 50, may constantly 
monitor the rotation of turbine shaft 26 before and after the 
shutdoWn request. Regardless, microprocessor 52 and 
tachometer 50 continue to monitor and detect the rotation of 
turbine shaft 26 throughout the application of the system and 
method of the present invention. 

[0024] As shoWn in FIGS. 1 and 2, When valve 32 closes 
to stop the How of the motive ?uid to turbine 22 at time T0, 
system 20 enters a coastdoWn period during Which turbine 
shaft 26 is alloWed to sloW doWn at its oWn rate to a stop at 
time T1. During this coastdoWn period betWeen T0 and T1, 
compressor lubrication oil pump 44 continues to provide oil 
to compressor 24. HoWever, as turbine shaft 26 sloWs, the 
pressure of turbine lubrication oil pump 40 decreases to a 
predetermined value (e.g., 8 psi.) beloW Which turbine 
lubrication oil pump 40 does not adequately provide oil to 
turbine 22. As previously mentioned, When the pressure of 
turbine lubrication oil pump 40 drops beloW the predeter 
mined value, auXiliary turbine lubrication oil pump 42 is 
automatically started to provide oil to turbine 22. In the 
preferred embodiment disclosed, auXiliary turbine lubrica 
tion oil pump 42 is automatically activated by pressure 
sWitch 66. AuXiliary turbine lubrication oil pump 42 can 
alternatively be turned on and off by a control signal from 
microprocessor 52, the microprocessor in turn being con 
nected to a pressure sensor (not shoWn) in or associated With 
turbine lubrication oil pump 40. 

[0025] The coastdoWn period is limited to a predetermined 
safe period of time that is more than suf?cient for the shaft 
26 of a given turbine to sloW doWn to a stop after valve 32 
closes. By means of eXample only, the predetermined safe 
period of time of about 10 minutes can be used for typical 
HVAC systems, although it can vary depending on the type 
of turbine selected for a particular system. If turbine shaft 26 
does not sloW doWn to a stop Within the predetermined safe 
period of time after valve 32 closes, microprocessor 52 
sends a signal over a line 53 to control panel 54 to display 
a turbine default Warning message informing operating 
personnel that a manual intervention is required. 

[0026] When turbine shaft 26 sloWs doWn to a stop at time 
T1, microprocessor 52 receives a signal from tachometer 50 
indicating that turbine shaft 26 has stopped rotating. At the 
same time, microprocessor 52 initiates a turbine shaft stop 
veri?cation period. The turbine shaft stop veri?cation period 
betWeen T1 and T2 is provided to ensure that turbine shaft 
26 actually comes to a stop. During the turbine shaft stop 
veri?cation period, if tachometer 50 detects that turbine 
shaft 26 starts to rotate again, microprocessor 52 reinitiates 
the coastdoWn period and system 20 restarts at time T0. 
After the turbine shaft stop veri?cation period, micropro 
cessor 52 initiates a lubrication period at time T2. For a 
typical turbine-compressor for HVAC applications, a turbine 
shaft stop veri?cation period of about 5 seconds is accept 
able. The present invention, hoWever, encompasses the 
lubrication period that is initiated Without the turbine shaft 
stop veri?cation period (FIG. 3). As Will be eXplained in 
greater detail beloW, the turbine shaft stop veri?cation period 
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is not required given the fact that system 20 reverts to the 
condition eXisting at time T0 Whenever tachometer 50 
detects turbine shaft 26 rotating again after initially coming 
to a stop. 

[0027] As shoWn in FIGS. 1, 2, and 3, When turbine shaft 
26 stops rotating, the lubrication period is initiated at time 
T2 and lasts until time T4. The lubrication period betWeen 
T2 and T4 includes a compressor lubrication period and a 
turbine lubrication period. Preferably, the compressor lubri 
cation period and the turbine lubrication period are initiated 
at the same time. Alternatively, the compressor lubrication 
period and the turbine lubrication period may be initiated at 
different times as long as they are initiated after turbine shaft 
26 stops rotating. Preferably, the turbine lubrication period 
betWeen T2 and T4 is longer than the compressor lubrication 
period betWeen T2 and T3. For eXample, for a typical 
turbine-compressor used in an HVAC system, the turbine 
lubrication period is about 30 minutes While the compressor 
lubrication period is about 35 seconds. 

[0028] Compressor lubrication oil pump 44, Which has 
been providing oil to compressor 24 all along, continues to 
provide oil to compressor 24 during the compressor lubri 
cation period. At the end of the compressor lubrication 
period at time T3, microprocessor 52 stops compressor 
lubrication oil pump 44 and thereby terminates the com 
pressor lubrication period. AuXiliary turbine lubrication oil 
pump 42, Which has been providing lubrication oil to turbine 
22 since the pressure of turbine lubrication oil pump 44 
dropped beloW a predetermined pressure value, continues to 
provide oil to turbine 22 during the turbine lubrication 
period. At the end of the turbine lubrication period at time 
T4, microprocessor 52 stops auXiliary turbine lubrication oil 
pump 42 and thereby terminates the turbine lubrication 
period. Thereafter, system 20 enters a shutdoWn period 
during Which oil is provided to neither turbine 22 nor 
compressor 24, unless the rotation of turbine shaft 26 is 
sensed by tachometer 50 and sent to microprocessor 52. 

[0029] As previously mentioned, microprocessor 52 
monitors the rotation of turbine shaft 26 detected by tachom 
eter 50 throughout the application of the system and method 
of the present invention. In other Words, microprocessor 52 
and tachometer 50 respectively monitor and detect the 
rotation of turbine shaft 26 throughout the coastdoWn 
period, the turbine shaft stop veri?cation period (if used), the 
lubrication period including the compressor lubrication 
period and the turbine lubrication period, and the shutdoWn 
period. 

[0030] If turbine shaft 26 starts to rotate any time after the 
end of the coastdoWn period (T1 in FIG. 2 and T2 in FIG. 
3) and before a restart of system 20 is initiated, entire system 
20 reverts to the condition existing at time T0. Then, system 
20 repeats the coastdoWn period, the turbine shaft stop 
veri?cation period (if used), the lubrication period including 
the compressor lubrication period and the turbine lubrication 
period, and the system shutdoWn period. 

[0031] Before system 20 reverts to the condition eXisting 
at time T0, hoWever, microprocessor 52 ensures that both 
compressor lubrication oil pump 44 and auXiliary turbine 
lubrication oil pump 42 are operating. In other Words, if 
turbine shaft 26 starts to rotate after the coastdoWn period 
but before the end of the compressor lubrication period 
(betWeen T1 and T3 in FIG. 2 and betWeen T2 and T3 in 
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FIG. 3), system 20 reverts to the condition existing at time 
T0 Without microprocessor 52 starting neither compressor 
lubrication oil pump 44 nor auxiliary turbine lubrication oil 
pump 42 because they have never been stopped. If turbine 
shaft 26 starts to rotate after the compressor lubrication 
period but before the end of the turbine lubrication period 
(betWeen T3 and T4 in FIG. 2 as Well as in FIG. 3), system 
20 reverts to the condition existing at time T0 and micro 
processor 52 starts compressor lubrication oil pump 44, 
Which has been stopped at the end of the compressor 
lubrication period. If turbine shaft 26 starts to rotate after the 
end of the turbine lubrication period (after T4 in FIG. 2 as 
Well as in FIG. 3), system 20 reverts to the condition 
existing at time T0 and microprocessor 52 starts both 
compressor lubrication oil pump 44 and auxiliary turbine 
lubrication oil pump 42, Which have been stopped at the end 
of the compressor lubrication period and at the end of the 
turbine lubrication period, respectively. 

[0032] As previously mentioned, the coastdoWn period is 
limited to a predetermined safe period of time, for example 
about 10 minutes. Thus, if turbine shaft 26 does not stop 
rotating Within the predetermined safe period of time, micro 
processor 52 sends a signal over a line 53 to control panel 
54 to display a turbine default Warning message informing 
operating personnel that a manual intervention is required. 
The operating personnel may then investigate the cause of 
the continued rotation of turbine shaft 26 and take necessary 
steps to remove the cause. In case of instrumentation fail 
ures, for example, the failure of tachometer 50, the operating 
personnel may take necessary steps to shutdoWn the system 
manually for subsequent maintenance or remedial actions. 

[0033] In the preferred embodiment, microprocessor 52 
sends signals to control panel 54 to display appropriate 
messages corresponding to the coastdoWn period, the tur 
bine shaft stop veri?cation period (if used), the compressor 
lubrication period, the turbine lubrication period, and the 
shutdoWn period. The messages displayed on control panel 
54 inform operating personnel of the system conditions after 
a shutdoWn request. For example, “COMPRESSOR 
COASTDOWN; TURBINE COASTDOWN” message may 
be displayed on control panel 54 betWeen T0 and T3 (FIG. 
2). BetWeen T3 and T4, “COMPRESSOR SHUTDOWN; 
TURBINE COASTDOWN” may be displayed. After T4, 
“SYSTEM SHUTDOWN” message may be displayed. In 
these examples, “COASTDOWN” message indicates that 
oil is being provided to the corresponding component While 
“SHUTDOWN” message indicated that oil is not being 
provided to the corresponding component. It should be 
noted, hoWever, the foregoing messages are examples only. 
Many different messages informing operating personnel of 
the system conditions may be displayed. The messages may 
be accompanied by other directions for operating personnel 
to folloW for more information or further actions. 

[0034] The operation of the aforementioned system and 
method for shutting doWn a turbine and a compressor driven 
by the turbine Will noW be described With reference to the 
attached draWings. 

[0035] As shoWn in FIGS. 1 and 4A, While system 20 is 
in normal operating conditions, turbine lubrication oil pump 
40 and compressor lubrication oil pump 44 provide oil to 
turbine 22 and compressor 24, respectively. When micro 
processor 52 receives a system shutdoWn request as indi 
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cated at 100, microprocessor 52 sends a signal over line 60 
to close pre-rotation vanes 36 as indicated at 102. The 
shutdoWn request can be inputted by an operator at control 
panel 54, or the request can be a signal from a main control 
for the HVAC system or one of its components. Subse 
quently, When pre-rotation vanes 36 close, microprocessor 
52 sends a signal over line 58 to close valve 32 as indicated 
at 104 so that the How of the motive ?uid to turbine 22 stops. 
As previously mentioned, microprocessor 52 starts or con 
tinues to monitor the rotation of turbine shaft 26 detected by 
tachometer 50 through line 56. That is, the system of the 
present invention may constantly monitor the rotation of 
turbine shaft 26, or only monitor the rotation after a shut 
doWn request is made. 

[0036] As shoWn in FIGS. 1 and 4B, With the motive ?uid 
removed from turbine 22, system 20 enters a coastdoWn 
period during Which turbine shaft 26 is alloWed to sloW 
doWn to a stop at its oWn rate. During this coastdoWn period, 
compressor lubrication oil pump 44 continues to provide oil 
to compressor 24. HoWever, as turbine shaft 26 sloWs, the 
pressure of turbine lubrication oil pump 40 decreases to a 
predetermined value beloW Which turbine lubrication oil 
pump 40 does not adequately provide oil to turbine 22. The 
predetermined value Will be selected depending on the 
capacity and lubrication need of turbine 22 and the capacity 
of turbine lubrication oil pump 40. When the pressure of 
turbine lubrication oil pump 40 drops beloW the predeter 
mined pressure value (e.g., 8 psi), pressure sWitch 66, or 
alternatively microprocessor 52, starts auxiliary turbine 
lubrication oil pump 42 automatically to provide oil to 
turbine 22. Preferably, the system is con?gured so that 
auxiliary lubrication oil pump 42 automatically starts When 
ever the pressure of turbine lubrication oil pump 40 or oil 
output falls beloW the safe predetermined level. Then, if 
turbine lubrication oil pump 40 fails during normal operat 
ing conditions, auxiliary turbine lubrication oil pump 42 Will 
protect turbine 22. Preferably, microprocessor 52 Will be 
designed to sense such a condition and provide the user With 
a message, indicating that turbine lubrication oil pump 40 is 
not operating correctly and that auxiliary turbine lubrication 
oil pump 42 has been activated to protect turbine 22. 

[0037] As indicated at 106, microprocessor 52 monitors 
the rotation of turbine shaft 26 during the coastdoWn period 
through tachometer 50. When tachometer 50 detects that 
turbine shaft 26 stops rotating, microprocessor 52 initiates a 
lubrication period, Which includes a compressor lubrication 
period indicated at 114 and a turbine lubrication period 
indicated at 116 (FIG. 4C). As indicated at 108, the coast 
doWn period is limited to a predetermined safe period of 
time calculated based on a period greater than the estimated 
time for turbine shaft 26 to sloW doWn to a stop after valve 
32 closes. The predetermined safe period of time Will vary 
depending on the type of turbine selected for a particular 
system. If turbine shaft 26 does not sloW doWn to a stop 
Within the predetermined safe period of time (eg about 10 
minutes) after valve 32 closes, microprocessor 52 Will 
display a turbine default Warning message on control panel 
54 as indicated at 110. The turbine default message prompts 
operating personnel into a manual intervention as indicated 
at 112. 

[0038] As shoWn in FIGS. 1 and 4C, if turbine shaft 26 
sloWs doWn to a stop Within the predetermined safe period 
of time, microprocessor 52 terminates the coastdoWn period 
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and initiates a lubrication period, Which includes a compres 
sor lubrication period indicated at 114 and a turbine lubri 
cation period indicated at 116. Preferably, the compressor 
lubrication period and the turbine lubrication period are 
initiated at the same time although they may be initiated at 
different times as long as they are initiated promptly after 
turbine shaft 26 stops rotating. Also, the turbine lubrication 
period is preferably longer than the compressor lubrication 
period. For example, the turbine lubrication period for a 
conventional HVAC system is about 30 minutes, While the 
compressor lubrication period is about 35 seconds. 

[0039] During the compressor lubrication period, com 
pressor lubrication oil pump 44 continues to provide oil to 
compressor 24. After about 35 seconds as indicated at 120, 
microprocessor 52 terminates the compressor lubrication 
period by stopping compressor lubrication oil pump 44 as 
indicated at 124. If turbine shafts 26 starts to rotate anytime 
during the compressor lubrication period for any reason, 
microprocessor 52 reinitiates the coastdoWn period as indi 
cated at 119 and 123 to restart the shutdoWn sequence at 105 
(FIG. 4B). If turbine shaft 26 starts to rotate anytime after 
the compressor lubrication period for any reason (FIG. 4D), 
microprocessor 52 starts compressor lubrication oil pump 
44, Which has been stopped at the end of the compressor 
lubrication period and restarts the shutdoWn sequence at 105 
(FIG. 4B). Starting compressor lubrication oil pump 44 as 
indicated at 130,136, and 142 ensures that oil is to com 
pressor 24 Whenever turbine shaft 26 is rotating. 

[0040] As shoWn in FIGS. 1 and 4D, during the turbine 
lubrication period, auxiliary turbine lubrication oil pump 42, 
Which has been automatically started during the coastdoWn 
period, continues to provide oil to turbine 22. After about 30 
minutes as indicated at 132, microprocessor 52 terminates 
the turbine lubrication period by stopping auxiliary turbine 
lubrication oil pump 42 as indicated at 138. System 20 then 
enters a shutdoWn period during Which oil is provided to 
neither turbine 22 nor compressor 24. Microprocessor 52 
and tachometer 50, hoWever, continue to monitor and detect 
turbine shaft 26 for rotation during the shutdoWn period. 

[0041] If turbine shaft 26 starts to rotate anytime after the 
turbine lubrication period for any reason, microprocessor 52 
starts auxiliary turbine lubrication oil pump 42, Which has 
been stopped at the end of the turbine lubrication period and 
restarts the shutdoWn sequence at 105 (FIG. 4B). Starting 
auxiliary turbine lubrication oil pump as indicated at 144 
ensures that oil is provide to turbine 22 Whenever turbine 
shaft 26 is rotating. 

[0042] It should be appreciated that the present invention 
protects against the potentially harmful effect resulting from 
any unexpected rotation of turbine shaft 26 after a shutdoWn 
request. By initiating and reinitiating the lubrication period 
When the rotation of turbine shaft 26 stops, the present 
invention ensures that oil is provided to turbine 22 and 
compressor 24 not only When turbine shaft 26 is rotating but 
also for a period of time after turbine shaft 26 stops rotating. 
Thus, the present invention protects turbine 22 and com 
pressor 24 against the friction heat generated during the 
rotation of turbine shaft 26 and any latent heat remaining 
after turbine shaft 26 stops rotating. 

[0043] The control of the present invention can either be 
incorporated into the main control of the turbine and com 
pressor, or the HVAC control of the system of Which the 
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turbine and compressor are a part, or into a separate control 
for the described system of the present invention. Various 
types of softWare and hardWare can be used to practice the 
invention, as Will be apparent to those skilled in the art. 

[0044] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
device of the present invention Without departing from the 
scope or spirit of the invention. Other embodiments of the 
invention Will be apparent to those skilled in the art from 
consideration of the speci?cation and practice of the inven 
tion disclosed herein. It is intended that the speci?cation and 
examples be considered as exemplary only, With a true scope 
and spirit of the invention being indicated by the folloWing 
claims. 

What is claimed is: 
1. A system for protecting during a shutdoWn a turbine 

having a turbine shaft and a compressor driven by the 
turbine shaft, comprising: 

a ?rst lubrication system to provide lubrication to the 
compressor; 

a second lubrication system to provide lubrication to the 
turbine; and 

a control system to monitor the rotation of the turbine 
shaft in response to a shutdoWn request and to cause the 
?rst and second lubrication systems to provide lubri 
cation to the compressor and turbine until and after the 
turbine shaft stops rotating. 

2. The system of claim 1, Wherein the control system 
causes the ?rst lubrication system to provide lubrication to 
the compressor for a ?rst predetermined period of time after 
the turbine shaft stops rotating and causes the second 
lubrication system to provide lubrication to the turbine for a 
second predetermined period of time after the turbine shaft 
stops rotating. 

3. The system of claim 2, Wherein the second predeter 
mined period of time is longer than the ?rst predetermined 
period of time. 

4. The system of claim 3, Wherein the ?rst predetermined 
period of time is less than 1 minute. 

5. The system of claim 3, Wherein the second predeter 
mined period of time is more than 10 minutes. 

6. The system of claim 1, Wherein the control system 
provides a turbine fault Warning if the turbine shaft does not 
stop rotating Within a predetermined safe period of time after 
the shutdoWn request. 

7. The system of claim 6, Wherein the predetermined safe 
period of time is about 10 minutes. 

8. The system of claim 1, Wherein, if the turbine shaft 
starts to rotate any time after it has stopped, the control 
system causes the ?rst and second lubrication systems to 
provide lubrication to the turbine and compressor until and 
after the turbine shaft stops rotating again. 

9. The system of claim 1, further comprising a turbine 
inlet line con?gured to provide a motive ?uid to the turbine 
and a compressor inlet line con?gured to provide an oper 
ating ?uid to the compressor. 

10. The system of claim 9, further comprising a valve 
movable from an open position to a closed position to stop 
the How of the motive ?uid to the turbine. 
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11. The system of claim 9, further comprising pre-rotation 
vanes movable from an open position to a closed position to 
substantially stop the How of the operating ?uid to the 
compressor. 

12. The system of claim 1, Wherein the control system 
includes a tachometer to monitor the rotation of the turbine 
shaft. 

13. The system of claim 12, Wherein the tachometer is a 
digital tachometer suitable for a loW RPM detection. 

14. The system of claim 1, Wherein the compressor is a 
centrifugal compressor. 

15. The system of claim 1, Wherein the control system 
includes a microprocessor. 

16. The system of claim 1, Wherein the ?rst lubrication 
system includes a compressor lubrication oil pump to pro 
vide lubrication to the compressor. 

17. The system of claim 16, Wherein the second lubrica 
tion system includes a turbine lubrication oil pump driven by 
the turbine shaft and an auxiliary turbine lubrication oil 
pump to provide lubrication to the turbine. 

18. The system of claim 17, further comprising a sWitch 
that starts the auXiliary turbine lubrication oil pump When 
the output of the turbine lubrication oil pump drops beloW a 
predetermined value. 

19. The system of claim 18, Wherein the sWitch is a 
pressure sWitch. 

20. The system of claim 17, Wherein the turbine lubrica 
tion oil pump is internal to the turbine. 

21. The system of claim 17, Wherein the compressor 
lubrication oil pump and the auxiliary turbine lubrication oil 
pump are electrical pumps. 

22. The system of claim 1, Wherein the control system 
further includes a control panel to display system messages. 

23. A method for protecting during a shutdoWn a turbine 
having a turbine shaft and a compressor driven by the 
turbine shaft, comprising the steps of: 

(a) initiating the shutdoWn of the turbine and compressor; 

(b) monitoring the rotation of the turbine shaft; 

(c) providing lubrication to the turbine and compressor 
until the turbine shaft stops rotating; and 

(d) providing lubrication to the turbine and compressor 
after the turbine shaft stops rotating. 

24. The method of claim 23, Wherein lubrication is 
provided to the compressor for a ?rst predetermined period 
of time after the turbine shaft stops rotating and lubrication 
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is provided to the turbine for a second predetermined period 
of time after the turbine shaft stops rotating 

25. The method of claim 24, Wherein the second prede 
termined period of time is longer than the ?rst predeter 
mined period of time. 

26. The method of claim 25, Wherein the ?rst predeter 
mined period of time is less than 1 minute. 

27. The method of claim 25, Wherein the second prede 
termined period of time is more than 10 minutes. 

28. The method of claim 23, Wherein a compressor 
lubrication oil pump provides lubrication to the compressor 
during the ?rst predetermined period of time and an auXil 
iary turbine lubrication oil pump provides lubrication to the 
turbine during the second predetermined period of time. 

29. The method of claim 28, Wherein a turbine lubrication 
oil pump coupled to the turbine shaft provides lubrication to 
the turbine initially during the shutdoWn of the turbine and 
the auXiliary turbine lubrication oil pump provides lubrica 
tion to the turbine When the output of the turbine lubrication 
oil pump drops beloW a predetermined value. 

30. The method of claim 29, Wherein the output of the 
turbine lubrication oil pump is determined by monitoring the 
pressure of the turbine lubrication oil pump. 

31. The method of claim 30, Wherein the auXiliary turbine 
lubrication oil pump is turned on When the monitored 
pressure falls beloW 8 psi. 

32. The method of claim 23, further comprising the step 
of providing a turbine fault Warning, if the turbine shaft does 
not stop rotating Within a predetermined safe period of time 
after the shutdoWn is initiated. 

33. The method of claim 32, Wherein the predetermined 
safe period of time is about 10 minutes. 

34. The method of claim 23, Wherein, if the turbine shaft 
starts to rotate any time after it has stopped, the steps (c) and 
(d) are reinitiated and performed. 

35. The method of claim 23, further comprising the steps 
of: 

substantially stopping a How of an operating ?uid to the 
compressor; and 

stopping a How of a motive ?uid to turbine to the turbine. 
36. The method of claim 35, Wherein the step of stopping 

the How of the motive ?uid to the turbine is performed after 
the step of substantially stopping the How of the operating 
?uid to the compressor. 

* * * * * 


